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these numerous studies. Although many studies have investigated these relationships, we were unable to 
locate any studies associating the Visagraph II reading efficiency data to handedness and/or eyedness. 
The Visagraph II, an objective computerized method of testing eye movement patterns, requires minimal 
subjective assessment of the subject's performance. The goal of our study is to investigate two subtle 
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in a relatively homogeneous group of subjects (43 third-year Optometry student). 
Methods: Forty-three third year optometry students served as subjects. The subjects completed a 
handedness and preferred eye survey, in which they indicated hand or eye preference while performing or 
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while the Visagraph II assessed their eye movement patterns. 
Results: ANOVA for the three "preferred near eye when reading" groups find significant effects in the 
Visagraph II relative reading efficiency score and reading comprehension questions correct between the 
mixed eye group and the left and right eye groups. An ANOVA also shows significant effects in the 
Visagraph II reading comprehension questions correct between the strong and non-strong right handed 
(RH) groups. The preferred far and near eye are moderately correlated. There is also a low but significant 
correlation between handedness and the preferred far and near eye. 
Conclusions: The subjects in the mixed preferred near eye group read more efficiently and comprehended 
more of the material that they read when compared to the right and left preferred near eye group. 
Although the subjects in the non-strong RH groups were not more efficient readers, our study shows that 
the subjects in the non-strong RH group performed better on the reading comprehension questions than 
the strong RH group. Findings in our study are consistent with findings found in certain past studies. 
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ABSTRACT 
Background: Many investigators have studied the association between learning, 
reading and eye movement patterns with handedness and eye dominance. Theories 
and speculations have resulted from these numerous studies. Although many studies 
have investigated these relationships, we were unable to locate any studies associating 
the Visagraph II reading efficiency data to handedness and/or eyedness. The 
Visagraph II, an objective computerized method of testing eye movement patterns, 
requires minimal subjective assessment of the subject's performance. The goal of our 
study is to investigate two subtle factors, eyedness and handedness, as they relate to 
eye movement patterns and to examine these factors in a relatively homogenous group 
of subjects (43 third-year Optometry student). 
Methods: Forty-three third year optometry students served as subjects. The subjects 
completed a handedness and preferred eye survey, in which they indicated hand or eye 
preference while performing or simulating the tasks asked. The subjects then read two 
standard Adult level Taylor paragraphs (Level 1 0) while the Visagraph II assessed their 
eye movement patterns. 
Results: ANOVA for the three "preferred near eye when reading" groups find significant 
effects in the Visagraph II relative reading efficiency score and reading comprehension 
questions correct between the mixed eye group and the left and right eye groups. An 
ANOVA also shows significant effects in the Visagraph II reading comprehension 
questions correct between the strong and non-strong right handed (RH) groups. The 
preferred far and near eye are moderately correlated. There is also a low but significant 
correlation between handedness and the preferred far and near eye. 
Conclusions: The subjects in the mixed preferred near eye group read more efficiently 
and comprehended more of the material that they read when compared to the right and 
left preferred near eye group. Although the subjects in the non-strong RH groups were 
not more efficient readers, our study shows that the subjects in the non-strong RH 
group performed better on the reading comprehension questions than the strong RH 
group. Findings in our study are consistent with findings found in certain past studies. 
Key Words: handedness, preferred eye, eye dominance, reading , eye movements, 
Visagraph II 
INTRODUCTION 
The concept of cerebrallateralization and eye dominance as they relate to 
reading and learning has been researched and studied by many investigators in the 
past. Geschwind and Galaburda have proposed a model of cerebrallateralization, 
based on increased fetal testosterone levels, which related handedness to learning 
disorders. Through this model, they claimed to explain many aspects of cerebral 
lateralization and its relation to learning disorders, giftedness, and immune deficits. 1 
Subsequent studies have attempted to support or disprove this model. Gilger and his 
colleagues, in their study of twins, for example, found little evidence in the association of 
handedness to reading disability mentioned in Geschwind and Galaburda's model.2 
Through a questionnaire to 7465 respondents, Steenhuis, Bryden and Schoeder noted 
a specific group who showed an increase in learning problems: males, nonright-handers 
and those with a left eye preference? Of the 29 items in the questionnaire, two 
questions asked about handedness and eyedness and four questions asked about 
learning, hyperactivity, learning disability and dyslexia. 
After extensive observations of dyslexics, Orton, in 1937, presented his theory of 
hemispheric dominance, suggesting that mixed cerebral dominance resulted in learning 
disability. Porac, Coren, and Duncan studied a group of retarded individuals and found 
them to display less right-sidedness and more crossed preference than either of the 
control group, thus supporting Orton's theory.4 In their study of dyslexic children, 
Annett and her colleagues, on the other hand, showed 12.5% of poor readers and poor 
spellers to be left-handed and 9.4% of individuals in the control group to be left-handed, 
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indicating no statistically significant difference between the two groups.5 They therefore 
concluded that handedness played "no causal role in the efficiency of cognitive function 
and no causal role in dyslexia."6 
Annett presented a different theory from Orton on the relationship between 
handedness and learning. Her right shift theory proposed a genetic influence on 
cerebral speech and handedness? Her theory suggested that the biases toward right 
handedness may be a product of single gene.8 It described the importance of the rs+ 
gene for speech representation in the left hemisphere; however, it stated that an over-
expression (rs++) or under-expression (rs--) of the gene is not advantageous. In their 
study involving a sample of primary school children, Annett and Manning demonstrated 
that children at both left and right extremes are disadvantaged in reading, thus, Annett 
claimed, supported implications made by the right shift theory. 9 Poor readers, Annett 
and Manning found, tended to have weak left-hand skills, and had strong right-hand 
preferences in many cases. 
To determine the relationship between laterality and learning disability, many 
studies have tested eye dominance and eye movement patterns. The results reported 
from these studies, however, have been conflicting. In a study involving the entire third , 
fourth, and fifth grade (31 0) students of a suburban Indianapolis public school , 
Helveston, Billips, and Weber, showed no significant relationship between ocular 
dominance (determined by the sighting eye) and reading ability. 10 Their study suggested 
that good, average, and poor readers showed similar laterality patterns when comparing 
the controlling eye to the dominant hemisphere. More recently, Stein and Fowler used 
the Dunlop Test to determine eye dominance in eighty dyslexic chi ldren, and found that 
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two-thirds of the children in their study failed to establish ocular motor dominance with 
respect to foveal vision .11 Due to these findings, Fowler later concluded that a child who 
converts from an unstable to a stable dominant eye is likely to show a significant 
increase in reading age and 10.12 
In the same decade, Stein, Gibbons, and Meldman found an increased frequency 
of left lateral eye movement in a group of 41 learning disabled subjects, suggesting that 
learning disability was indeed related to lateral asymmetry. 13 Concurrently, Pirozzolo 
and Rayner, in a study of sixteen normal reading adult subjects (eight sinistrals and 
eight dextrals), indicated that all right-handers moved their eyes faster to parafoveal 
stimuli presented to the right of fixation while left-handers showed no such asymmetry. 14 
While all right-handers showed shorter latencies for rightward saccades, left-handers 
showed variations in their preference or showed no asymmetry at all. 
Inconsistencies between studies are not all that surprising, given that learning 
problems are difficult to explain, complex and multi-facetted. In addition, many learning 
disabilities have been identified and even within the subtypes, a large number of 
individual variations are present. The root of a problem often stems from many factors, 
both genetic and environmental. Geschwind, Galaburda, Annett and many others have 
suggested a genetic component as the link between laterality and learning disability. 
Studies have shown a higher prevalence of left-handedness in the learning disabled 
and dyslexic populations, groups which show significant eye movement problems. 15 •16 
Environmental factors, however, may also play a role. When writing from left to right, 
for example, a left-handed individual often loses visual reinforcement of the written word 
due to the hand used. 
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Good eye movements are essential for reading, and hence, for learning. By 
studying the relationship between laterality and eye preference with eye movements, it 
may be possible to investigate subtle factors that may affect learning. The purpose of 
this study is to look at two subtle factors, eyedness and handedness, as they relate to 
eye movement patterns and to examine these factors in a relatively homogenous group 
of subjects (43 third-year Optometry students). 
SUBJECTS AND PROCEDURES 
Subjects 
Forty-three third year optometry students volunteered to serve as subjects: 
nineteen were males (mean age: 29.5, SD: 5.1 0) and twenty-four were females (mean 
age: 27.1, SD: 4.52). None of the subjects had any known learning disabilities or 
dyslexia. All were native English speakers, who had successfully completed their 
bachelor degree and matriculated into optometry school. All subjects were screened 
with an oral reading inventory in order to verify adult level reading fluency. All of the 
subjects demonstrated best corrected 20/20 Snellen equivalent acuity at 40 em . Before 
participating in the experiment, the subjects signed an informed consent form. 
Instrumentation 
The Visagraph II, an objective computerized method of testing eye movements 
patterns, requires no subjective assessment of the subject's performance, other than 
assessment of oral reading fluency by the examiner. It uses infrared emitters and 
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sensor technology to detect changes in eye position for each eye. Because the sensors 
are built into a pair of goggles that are worn by the subject, eye movements are 
measured independent of head movements, eliminating the need for calibration and 
alignment for each subject. 17 The Visagraph II uses a computer to graph the subject's 
eye movements and to quantify reading eye movement performance. The software 
provides a table of reading efficiency skills for each subject, such as the number of 
fixations, regressions, eye duration of fixation, and reading rate. These values are then 
compared to stored normative data to yield index scores of reading eye movement 
efficiency. 
Procedures 
A 25-item handedness and preferred eye survey (see Appendix A) was 
distributed to eighty-three potential subjects and completed by forty-four participants. 
This handedness and preferred eye survey was adapted from the Edinburgh 
Handedness Inventory of Oldfield18 and surveys used in past studies. 19•20 The survey 
was given to each subject the day before they were to come in for testing with the 
Visagraph II. They were instructed to take the survey home, and while performing or 
simulating the tasks asked, they were to indicate hand or eye preference using an a-e 
scale, which was converted into a 1 to 5 point scale for statistical analysis. 
The survey contained twelve questions related to handedness. The questions 
were based on a five-point scale, 1 point for left hand always to 5 points for right hand 
always. Potential point totals for each subject on the handedness scale ranged from 12 
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points, indicating a strong left-handed tendency, to 60 points for strong right-handed 
tendency. Question thirteen asked about the subject's writing posture. 
Question fourteen through twenty-one contained activities to probe eye 
preference patterns. Question 14, sighting through a hole in a flat card, and question 15, 
sighting through a tube, were designed to measure the preferred far eye. Question 16, 
aiming a camera, depending on the subject, may probe the preferred eye at near or far. 
Question 17, looking through a hand held magnifier, and question 18, looking in a 
monocular microscope, were intend to measure the preferred near eye. However, 
question 17 and 18, in some subjects, may in actuality be measuring the preferred eye 
at far. We will therefore refer the mean value for question 17 and 18 as the "presumed 
near eye." Question twenty, described below, will be referred to as the "preferred eye 
when reading." 
The addition of question twenty to the survey, which probes the preferred eye 
when reading at near, is unique to our study and Kundart's study.21 Question 20 used a 
square, translucent material, 4cm by 4cm in size, to investigate the preferred near eye 
when reading. With a visual acuity of light perception at near in the eye with the 
translucent material, the subjects compared differences in reading comfort and 
efficiency with the material first over one eye and then over the other. Questions 
twenty-two to twenty-five asked questions about the subject's gender, refractive error, 
number of left-handedness in blood relatives, and stereopsis. 
Before testing the subject's eye movement with the Visagraph II, the subjects 
were given a brief oral reading inventory. Each subject was required to read aloud a 
standardized adult reading level passage, fluently, without hesitation or errors. Subjects 
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excluded were those who read below adult level or those who were non-native English 
speakers. One subject was excluded from the study. 
The procedure used to test eye movements was adapted from the Visagraph II 
user's manual22 and the procedure used in the Colby, Laukkanen, and Yolton study 
involving the use of the Visagraph 11.23 After seating the subject comfortably, goggles 
were placed over the subject's habitual near correction (if required). The goggles were 
adjusted for each subject's face and the interpupillary distance. Subjects were 
instructed to hold the text at a distance of 40cm during testing, and variations in working 
distance (less than 40cm) or significant head movement activity was noted by the 
examiner. All testing was completed using standard room illumination, mixed with 
natural daylight. This part of the procedure differs slightly from that used in the Colby 
study. Colby's study used a chin rest to stabilize the head and a text holder placed at 
40 em away from the subject. 24 The Visagraph II manual did not specify usage of a chin 
rest or text holder. 
Taylor Level 10, standardized adult reading level paragraphs, were used to test 
all subjects. The paragraphs were each 1 0 lines in length, double spaced on bond 
white paper with 12 point Times bold font (approximately 20/70 near Snellen 
equivalent). 
Each subject was given instructions following those outlined in the Visagraph II 
manual and Taylor paragraph booklef5 and adapted from that used in the Colby, 
Laukkanen, and Yolton study.26 The subjects were instructed to look at the "o" at the 
top of the paragraph, to read the paragraph when they heard the beep, and to press the 
space bar upon completion. The examiner randomly selected one of the ten available 
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paragraphs from Adult level Taylor paragraphs (Level 1 0) (Table 1 ). The subject was 
instructed to silently read the paragraph (no set time limit). After reading the text, the 
subjects answered ten standard comprehension questions regarding paragraph content. 
The questions were displayed on the computer screen, and the subjects read each 
question and select their answers. Following a one minute "rest period," each subject 
was retested with another randomly selected adult reading level paragraph with no 
changes in the procedure. The data from the second measurement for each subject 
were used for statistical analysis because the Colby study reported higher reliability for 
the second measurement.27 
Paragraph Names for Taylor Level 10 (College) 
Reference Number Paragraphs 
1 Amundsen 
2 Houdini 
3 Braille 
4 John Roebling 
5 Dorothea Dix 
6 Clarence Darrow 
7 Paganini 
8 Frank Lloyd Wright 
9 Sir Ernest Shackleton 
10 Clara Barton 
.. Table 1: Name 1dent1f1cat1ons for standard Taylor College Level 1 0 paragraphs 
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RESULTS 
Descriptive Statistics for All Subjects (n=43) 
The results from the survey were converted from an (a) to (e) scale into a (1) to 
(5) scale, with (1) for left eye/hand always and (5) for right eye/hand always. Data for all 
forty-three subjects are listed in Table 2 and 3. 
Mean Standard Deviation 
Reading Comprehension Section 331.86 45.26 
of the OAT 
Handedness Questions 
Q 1-12 50.86 14.68 
Q 13 (Writing Hand) 3.58 0.96 
Preferred Eye Questions 
Q 14 3.28 1.71 
Q 15 3.42 1.85 
Q 16 3.63 1.67 
Q 17 3.63 1.53 
Q 18 3.49 1.61 
Q 19 3.63 1.65 
Q 20 3.72 1.40 
Misc. Questions 
Gender (1 =female, 2=male) 1.44 0.50 
Sinistral Relatives 0.63 1.05 
Stereopsis (1 =stereopsis reduced, 1.95 0.21 
2=stereopsis not reduced) 
Table 2: Handedness and Preferred Eye Survey Results for All SubJects (n=43) 
Refractive Status Right Eye (number Left Eye (number of 
of subjects for subjects for 
category) category) 
Myopia greater than 50 7 6 
Myopia between 2.75 and 50 14 14 
Myopia between 1 and 2.500 12 13 
Within 0.750 of Emmetropia 10 10 
Hyperopia 1 0 and up 0 0 
Table 3: Refract1ve Status for All SubJects as Answered on the Survey (n=43} 
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Information from the Visagraph II goggles is automatically sorted by the computer 
software into reading efficiency eye movement categories. The information is then 
calculated and graphed for each eye movement component. Table 4 provides 
information from the Visagraph II manual on each visual skill measured by the 
instrument.28 Table 5 shows the overall mean values and standard deviations of all 
visual skills calculated for the forty-three subjects. 
All calculations are made on the countable part (from second line to the next to the last 
line) of each text. 
Fixations/1 00 words: The total number of times the eyes pause or remain relatively 
stationary during the reading of 100 words. During these pauses, perception of words and 
parts of words takes place. 
Regressions/1 00 words: Reflects the total number of reverse direction (right to left) 
fixations made during the reading of 100 words . Regressions are not to be confused with 
rereading. 
Average Span of Recognition: The average number of words or parts of word perceived 
during a fixation or eye pause. This calculation is derived from the total number of fixations 
required to read 100 words. 
Average Duration of Fixation: The average length of time (in parts of a second) the eyes 
paused or fixated, during which words or parts of words were perceived. 
Rate of Reading: The reading rate in words per minute for the countable part of the text. 
Relative Efficiency/Grade Level Equivalent: A numerical calculation based on analysis of 
subject's fixations, regressions and rate as the key components of reading efficiency. This 
calculation is then translated into a grade level equivalent for easier evaluation. 
Directional Attack: The percentage of regressions to total fixations. A low value is good 
and indicates that the subject has tendency to follow text from left to right. 
Table 4: Readmg Profile from the V1sagraph II Manual 
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Eye Movement Components Average Standard 
Deviation 
Fixations/1 OOwords 93.86 23.09 
Regressions/1 OOwords 12.21 9.24 
Average Span of Recognition 1.13 0.28 
rwords) 
Average Duration of Fixation 
!(sec) 
0.24 0.02 
Rate with Comprehension 276.30 76.48 
I (words/min) 
Relative Efficiency 3.04 1.74 
Grade Level Equivalent 11.63 3.34 
Directional Attack 0.12 0.07 
Rate Adj . For Rereading 
!(words/min) 
302.07 77.27 
Comprehension Questions 0.79 0.16 
Correct 
Cross Correlation 0.95 0.09 
Visagraph Selected Eye 1.37 0.49 
l(1=1eft eye, 2=right eye) 
Table 5: Eye Movement Data from the V1sagraph II for All 
Subjects (n=43) 
Descriptive Statistics for the Preferred Eye 
Subjects were divided into three groups: left, mixed, and right, based upon the 
preferred eye data from the survey. Those subjects who answered (a) (a=1 point) or (b) 
(b=2 points) on the survey were placed in the left-eyed group. Subjects who answered 
(c) (c=3 points) were placed in the mixed eyed-group. The rest of the subjects, those 
answering (d) (d=4 points) or (e) (e=5 points), were placed in the right-eyed group. 
The "presumed near eye" results were derived by taking the mean from 
questions 17 and 18 of the survey. Those subjects with a mean score between 1-2 
points were placed in the presumed near left eye group, between 2.5-3.5 points were 
placed in the presumed near mixed eye group, and between 4-5 points were placed in 
the presumed near right eye group. The "preferred near eye when reading" results 
were derived from question 20, which probes the preferred eye by asking the subject to 
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read with a translucent material over one eye. Those subjects with 1-2 points from 
question twenty were place in the preferred near left eye when reading group, 3 points 
were placed in the preferred near mixed eye when reading group, and 4-5 points were 
placed in the preferred near right eye when reading group. Since question nineteen, 
sighting a pool cue, asked for eye dominance at an intermediate distance, it was not 
used in the analysis of eyedness at near. See Table 6. 
Number of Subjects Percentage from 
Per Group Total Sample 
Presumed near eye': 
Left 13 30.2% 
Mixed 10 23.3% 
Right 25 58.1% 
Preferr~~ near eye when 
reading : 8 18.6% 
Left 10 23.3% 
Mixed 25 58.1% 
Right 
.. Table 6: Survey Results for Eye Dommance for Al l SubJects (n::;:43) m D1v1ded Groups 
Descriptive Statistics for Handedness 
Handedness was determined from the sum of question 1 to 12 on the 
questionnaire. Summed handedness scores ranged from 12 points to 60 points. 
Assignment of subjects into the three handedness groups were arbitrarily set according 
to natural or logical breaks in the data. Subjects with a score of 12-29 points were 
placed in the left-handed group, 38 to 54 points were placed in the mixed-handed 
Presumed near eye based upon subjective responses to questionnaire number 17 and 18. 
•• Preferred near eye when reading based upon subjective responses to questionnaire number 20. 
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group, and 55 to 60 points for the right-handed group. See Table 7 for the distribution 
of the subjects into the three groups. 
Benbow, using the Edinburg Handedness Inventory of Oldfield, separated her 
subjects of the extremely precocious into six categories (Lateral Quotient ranging from 
-100 for strong left to + 100 for strong right), according to logical breaks in the data. Her 
data showed that the extremely precocious had a higher percentage of individuals in all 
but the strong-right handed category (Lateral Quotient=+ 1 00). Since Benbow showed 
significant differences between the strong-right handed group when compared to the 
other five non-strong right handed group, the subjects in this study were divided into two 
groups: strong right handed (strong RH) and non-strong right handed (non-strong RH). 
Subjects with points between 12-57 were placed in the non-strong RH group, and 
subjects with points between 58-60 were placed in the strong RH group. See Table 7 
for the distribution of the subjects into the two groups. 
Number of Subjects Percentage from 
Per Group Total Population 
Handedness (3 groups): 
Left 6 14.0% 
Mixed 8 18.6% 
Right 29 67.4% 
Handedness (2 groups): 
Non-strong RH 23 53.5% 
Strong-Right Handed 20 46.5% 
.. Table 7: Survey Results for Handedness for All SubJects (n=43) m D1v1ded Groups 
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Table 8 and 9 distributed the subjects into categories based their handedness 
and preferred near eye when reading. 
Right Hand Mixed Hand Left Hand Total 
Preferred Near Right 20 3 2 25 
Eye When Reading_ 
Preferred Near Mixed 3 5 2 10 
Eye When Reading 
Preferred Near Left 6 0 2 8 
Eye When Reading 
Total 29 8 6 43 
Table 8: Handedness (Three Groups) vs. Eyedness Contmgency Table (based on quest1onna1re 
only) 
Strong RH Non-Strong RH Total 
Preferred Near Right 15 10 25 
Eye When Reading 
Preferred Near 1 9 10 
Mixed Eye When 
Reading 
Preferred Near Left 4 4 8 
Eye When Reading 
20 23 43 
Table 9: Handedness (Two Groups) vs. Eyedness Contmgency Table 
(based on questionnaire only) 
1. The relationship between handedness and relative reading efficiency 
There are no significant differences between relative reading efficiency and 
handedness on the two criteria (comparing right, mixed and left handed; non-strong 
versus strong RH). 
2. The relationship between the preferred near eye when reading and relative reading 
efficiency 
An ANOVA for the three preferred near eye when reading groups finds significant 
effects between the mixed group and the left and right groups. The mixed preferred eye 
group performs significantly better than the left or right preferred eye group in relative 
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reading efficiency (p=0.05 left versus mixed, p=0.05 right versus mixed) . See Figure 1. 
Figure 2 shows a line plot of the mean values for all subjects in each point of the (1) to 
(5) point scale. 
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3. The relationship between hand preference and reading comprehension questions 
correct 
Significant differences are seen between the percentage of comprehension 
questions correct and handedness. An ANOVA for the two handedness groups shows 
that the non-strong RH group has a significantly higher percentage correct than the 
strong-right handed group (p<0.01 ). See Figure 3. There is no significant relationship 
when handedness was separated into three groups (Figure 4) . 
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4. The relationship between preferred near eye when reading and reading 
comprehension questions 
The near mixed-eyed dominant group when reading shows a significantly higher 
percentage correct than that of the left and right groups (p<0.01 left versus mixed, 
p<0.02 right versus mixed). See Figure 5. Again, the line plots for Figure 6 represents 
the mean values of the subjects in each point on the (1) to (5) point scale. 
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Figure 5: Interaction Bar Plot of Percent Comprehensive 
Questions Correct for Preferred Near Eye When Reading 
Effect with Error Bars: 95% Confidence Interval 
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5. The relationship between handedness and reading rate with comprehension 
There are no significant differences between reading rate with comprehension 
and handedness on the two criteria (comparing right, mixed and left handed; non-right 
versus strong RH). 
6. The relationship between preferred near eye when reading and reading rate with 
comprehension 
An ANOVA for the three preferred eye groups when reading at near finds 
significant effects between the mixed group and the right group. The mixed preferred 
eye group performs significantly better than the right preferred eye group in reading rate 
with comprehension (p<0.05 right versus mixed). The mixed preferred eye group 
performs better than the left preferred eye group but failed to reach significance 
(p<0.06). See Figure 7 and Figure 8. ANOVA between reading rate adjusted for re-
reading and handedness and eyedness find no significant effects. 
I 
1-Z 
-o 5:-
w(f) 
1-z 
-o:W 
a: I w 
oa: 
ZQ. 
~~ 
wu 
a: 
400 
350 
300 
250 
200 
150 
100 
50 
0 
LEFT EYE MIXED EYE RIGHT EYE 
Figure 7: Interaction Bar Plot of Reading Rate with 
Comprehension for Preferred Near Eye When Reading 
Effect with Error Bars: 95% Confidence Interval 
Diem Thuy Nguyen Page 18 of 35 Thesis: 12/16/98 
330 ~-----·-------
320 
c 310 
.!2 300 
II) 
~ 290 
~ 280 
c.. 270 
E260 
0 () 250 
0 240 
2 230 
Ill 
a: 220 
J 
' 
-! 210 
~+-----.-----~-----.-----.---~~--~ 
0 2 3 4 5 
Eye Dorrinance when Reading 
Figure 8: Line Plot for Preferred Near Eye When Reading Vs. 
Reading Rate with Comprehension 
6 
LEGEND: 
1·2 =NEAR LEFT·EYED 
PREFERENCE 
3 ~ NEAR MIXED-EYED 
PREFERENCE 
4·5 = NEAR RIGHT-EYED 
PREFERENCE 
7. The relationship between the preferred far eye and Visagraph II reading efficiency 
components. 
ANOVA find no significant relationship between the preferred far eye and visual 
skills measured by the Visagraph II. No significant relationships are found between the 
preferred far eye and Visagraph II relative efficiency scores (Figure 8) or between the 
preferred far eye and the Visagraph II reading comprehension questions correct (Figure 
9). 
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8. The relationship of other reading efficiency components and near eyedness 
ANOVA find no significant relationship between other visual skills measured by 
the Visagraph II with the presumed near eye or the preferred near eye when reading. 
No significant relationships are seen between regressions and span of recognition with 
eyedness. A trend, however, is seen even with data that failed to meet significance, 
showing the mixed-eyed group to perform better. See Table 8 for the mean values of all 
visual skills, significant and insignificant. 
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Preferred Near Eye When Reading Presumed Near Eye Dominance 
(Question 20 of Questionnaire) (Mean Value from Question 17 
and 18 of Questionnaire) 
Left Eye Mixed Eye Right Eye Left Eye Mixed Right Eye 
When When When At Near Eye At At Near 
Reading Reading Reading Near 
OAT (reading 333.75 352 323.2 338.46 350.00 323.75 
comprehension) (53.17) (33.60) (45.71) (47.41) (38.47) (45.47) 
Fixations/1 OOwords 96.25 85 96.64 86.77 87.67 99.25 
(12.770 (24.39) (24.90) (19.21) (13.79) (25.91) 
Regressions/1 OOwords 11 9.4 13.72 9.92 8.00 14.50 
(8.26) (1 0.00) (9.26) (8.42) (4.34) (10.09) 
Average Span of 1.06 1.26 1.10 1.21 1.17 1.08 
Recognition (words) (0.14) (0.33) {0.28) (0.28) (0.22) (0.29) 
Average Duration of 0.25 0.23 0.25 0.24 0.25 0.24 
Fixation (sec) (0.02) (0.02) (0.03) (0.03) (0.03) (0.02) 
Rate with 253.88 321 .80 265.28 297.92 283.50 262.79 
Comprehension (36.03) (93.30) (73.72) (83.95) (67.39) (74.48) 
i(words/min) 
Relative Efficiency 2.47 4.07 2.80 3.52 3.19 2.73 
(0.72) (2.26) (1.62) (1.96) (1.59) (1 .66) 
Grade Level Equivalent 11.60 12.89 11.14 12.46 12.98 10.84 
(2.14) (3.32) (3.63) (2.61) (1.40) (3.86) 
Directional Attack 0.11 0.10 0.13 0.11 0.09 0.14 
(0.07) (0.08) (0.07) (0.08) (0.04) (0.08) 
Rate Adj. For Rereading 305.50 340.20 285.72 339.38 292.83 284.17 
'(words/min) (46.89) (98.67) (72.58) (78.71) (64.42) (74.99) 
Comprehension 0.71 0.91 0.77 0.78 0.83 0.79 
Questions Correct (0.16) (0.09) (0.16) {0.16) (0.1 8) (0.18) 
Cross Correlation 0.97 0.97 0.94 0.99 0.95 0.93 
(0.04) (0.06) (0.1 0) (0.02) (0.06) (0.11) 
Visagraph Eye 1.63 1.10 1.40 1.31 1.33 1.42 
Dominance (1 =left eye, (0.52} (0.32} (0.50) (0.48) (0.52) (0.50} 
2=right eye) 
Table 8: Mean and Standard Dev1at1on Eye Movement Components for Eye Dommance 
9. The relationship of other reading efficiency components and handedness 
ANOVA find no significant relationship between other visual skills measured by 
the Visagraph II and handedness. There are no significant relationships between 
regressions and span of recognit ion with handedness. A trend, however, is seen even 
with data that failed to meet significance, showing the Non-strong RH group to score 
higher. See Table 9 for the mean values of all visual skills, significant and insignificant. 
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Left Hand Mixed Right Hand Non-Right Strong-Right 
Hand Hand (12-57) Hand (58-60) 
OAT (reading 343.33 322.50 332.07 341.74 320.5 
comprehension) (39.83) (53.92) (44.83) (46.48) (42.11) 
Fixations/1 OOwords 89.33 90.50 95.72 91.43 96.65 
(18.99) {22.77} (24.39) (19.85) (26.59) 
Regressions/1 OOwords 12.67 10.25 12.66 11.65 12.85 
(9.87) (6.14) (9.99) (8. 71) {1 0.00) 
Average Span of 1.17 1.17 1.11 1.14 1.1125 
Recognition (words) (0.26) (0.29)_ (0.29) (0.25) (0.32) 
Average Duration of 0.25 0.23 0.25 0.24 0.2515 
Fixation (sec) (0.03) (0.02) (0.03} (0.02) (0.02)_ 
Rate with 281.00 298.38 269.24 286.09 265.05 
Comprehension (85.06) (86.23) (73.67) (59. 71) (83.98) 
1 (words/min) 
Relative Efficiency 3.12 3.37 2.92 3.12 2.9405 
(1 .88) (1.83) (1. 7 4) (1.54) (1.98} 
Grade Level Equivalent 11.97 12.23 11.40 12.10 11.09 
(2.78) (3.37) (3.51} (2.90) (3.79) 
Directional Attack 0.13 0.11 0.12 0.12 0.12 
(0.09) (0.06) (0.08} (0.08) (0.07) 
Rate Adj. For Rereading 323.00 317.63 293.45 311.83 290.85 
(words/min) (69.66) (90.83) (76.07) (69.80) (85.48) 
Comprehension 0.82 0.88 0.77 0.85 0.725 
Questions Correct (0.19) (0.14) (0 .16) (0.14) (0.16} 
Cross Correlation 0.97 0.96 0.946 0.97 0.9371 
(0.04) (0.06) (0.1 0) J0.05l (0.11) 
Visagraph Selected Eye 1.50 1.13 1.414 1.35 1.4 
[(1=1eft eye, 2=right eye) (0.55) (0.35) (0.50) {0.49) (0.50) 
Table 9: Mean and Standard Dev1at1on Eye Movement Components for Handedness 
10. The relationship between the selected eye chosen by the Visagraph II and the 
preferred eye and handedness 
The selected eye chosen by the Visagraph II shows no significant relationship in 
the right and left eyed and handed groups. Although they did not meet significance, the 
mixed handed (p==0.11) and preferred near eye when reading (p<0.06) groups tend to 
show a left selected eye by the Visagraph II. See Table1 0 and 11. Note that all but one 
subject in the mixed eyed and handed groups show a left Visagraph II selected eye. 
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Left Eye Mixed Eye Right Eye When Total 
When When Reading Reading 
Reading 
Visagraph Right Eye 5 1 10 16 
Visagraph Left Eye 3 9 15 27 
Total 8 10 25 43 
Table 10: Contrngency Table for Preferred near eye when reading vs. Visagraph Selected Eye 
(n=43) 
Left Hand Mixed Hand Right Hand Total 
Visagraph Right Eye 3 1 12 16 
Visagraph Left Eye 3 7 17 27 
Total 6 8 29 43 
Table 11: Contrngency Table for Handedness vs. Visagraph Selected Eye (n=43} 
11. The relationship between handedness, far and near eyedness 
The preferred far eye and the presumed near eye are highly correlated (r=0.858, 
p<0.0001 ). There is moderate but significant correlation between the preferred far eye 
and the preferred near eye when reading (r=0.635, p<0.0001) and between the 
presumed near eye and the preferred near eye when reading (r=0.605, p<0.0001 ). 
There is a low but significant correlation between handedness and the preferred far eye 
(r=0.305, p<0.05}, handedness and the presumed near eye (r=0.444, p<0.003), and 
handedness and the preferred near eye when reading (r=0.338, p<0.03). See Table 12. 
Handedness 
Preferred Far Eye 
Presumed Near Eye 
Preferred Near Eye 
when Reading 
Preferred 
Handedness F E ar ye 
1.000 .305 
.305 1.000 
.444 .858 
.338 .635 
43 observations were used in this computation. 
Pres med Ne u ar Eye 
.444 
.858 
1.000 
.605 
Table 12: Correlation Matrix for Handedness and Eyedness 
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Preferred Near Eye 
when Readina 
.338 
.635 
.605 
1.000 
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12. The relationship between the reading rate with comprehension, rate adjusted for re-
reading, and the Optometry Admission Test (OAT) 
The reading comprehension score of the OAT and the Visagraph II rate adjusted for 
rereading is moderately correlated with high significance (r=0.474, p<0.002). There is a 
moderate but highly significant correlation between the reading comprehension score of 
the OAT and the Visagraph II reading rate with comprehension (r=0.464, p<0.002). See 
Table 13. 
Visagraph II Reading 
OAT (Reading Comp.) 
Reading Rate with Comp. 
Rate Adj . For Rereading 
OAT Rate with Comp. 
1.000 
.464 
.474 
43 observations were used in this computation. 
.464 
1.000 
.905 
Visagraph II Rate 
Adj For Rereading 
.474 
.905 
1.000 
Table 13: Correlation Matrix for Reading Comprehension Score of OAT 
and Visagraph II Visual Skills 
DISCUSSION 
The population of optometry students in our study, when divided into preferred 
eye and hand dominance groups, show statistically significant mean differences in 
some of the reading efficiency categories as measured by the Visagraph II. The 
objective nature of the Visagraph II eliminates many of the biases related to subjective 
eye movement tests. Colby, Laukkanen , and Yolton investigated the use of the 
Visagraph II system to evaluate eye movements made during reading. 29 Their study 
indicates that the Visagraph II produces data that are reliable indicators of reading 
skills .30 
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Although many studies have evaluated the association of handedness and/or eye 
dominance to eye movements, we are unable to locate any studies associating 
Visagraph II reading efficiency data to handedness and/or eyedness. By using the 
Visagraph II to measure eye movement skills, our study show that the mixed preferred 
near eye group when reading has significantly higher relative reading efficiency scores 
than that of the left and right preferred eye group. In addition, significantly higher scores 
on the reading comprehension questions are seen in the mixed preferred eye group and 
the Non-strong RH group. 
Since the Visagraph II relative reading efficiency score is derived from the 
reading rate, the number of fixations, and the number of regressions, this single score 
gives the most global aggregate view of an individual's eye movements. Interestingly, 
this investigation finds that the near mixed preferred eye group when reading have a 
significantly higher relative reading efficiency score than the left and right preferred eyed 
groups. This same mixed preferred eye group also scored significantly higher on the 
reading comprehension questions, administered after eye movement testing. The 
subjects in this mixed preferred eye group not only read more efficiently, but also 
comprehend more of the material that they read. 
Considerable differences are seen in methodology used in past studies to 
assess far and near eye dominance. Many studies have used the sighting eye as an 
indicator of ocular dominance.31 •32 Sighting eye measurements are popular clinical tests 
and have been used traditionally for this purpose. These measurements, however, 
measure the preferred eye at far without investigating the eye at near. Studies have 
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also used near instrumentation to measure ocular preferences, yet these instruments 
are set at optical infinity and serve as another indicator for far eye preference.33•34 
Helveston, Bilips, and Weber, based on the Keystone Telebinocular 
measurement of the "controlling eye" and the sighting eye (sighting through a hole in a 
paper), stated that there is no significance in ocular dominance and controlling eye with 
relation to reading ability. Our study agrees with Helveston, Bilips, and Weber's finding . 
The presumed near eye, the mean value of question 17 (looking through a hand held 
magnifier) and question 18 (looking through a monocular microscope), and the 
preferred far eye (sighting eye) show no significant relationship with the Visagraph II 
visual skills. Although question 17 and 18 were initially designed to measure the 
preferred near eye, upon re-evaluation , it was concluded that in some individuals, 
question 17 and 18 in fact measured the preferred far eye. When a hand held magnifier 
is held at its focal length, for example, it is set for optical infinity. Similarly, experienced 
users, when looking through a monocular microscope, will not accommodate. Since all 
of the subjects in our study had taken the microbiology course as a prerequisite for 
Optometry school, and therefore, had worked extensively with a microscope, it could be 
assumed that most of the subjects our study do not accommodate when using a 
microscope. 
Stein and Fowler, using the Dunlop test, conclude that two-thirds of children with 
learning disabilities failed to establish stable ocular dominance.35 The major 
amblyoscope was used in the Dunlop test to measure the dominant eye. When the 
dominant eye was measured on the same side eight out of ten times, the subject's eye 
preference was considered stable, less than eight times was indicative of an unstable 
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dominance. Due to differences in methodology, subjects, and instrumentation, 
conclusions drawn from our study and from Stein and Fowler's study are not 
comparable. The major amblyoscope, designed for optical infinity, measures the 
preferred at far, while our study finds significant results with measures of the near 
preferred eye. The subjects studied by Stein and Fowler were children with learning 
disabilities, while our study included only adult subjects without a history of learning 
disability. All of the subjects in our study had completed a bachelor's degree plus two 
years of optometry school. Using the major amblyoscope, Stein and Fowler measured 
eye dominance objectively. Our study, on the other hand, incorporated a subjective 
survey and asked the subjects to identify their preferred eye in various tasks that 
simulated real life activities. 
Parae and Coren's study found a low but significant correlation between 
handedness and eye dominance for males (r=0.24, p<0.05), yet did not find a 
correlation between handedness and eye dominance for their total sample of 160 
students.36 Interestingly, our study finds a low but significant correlation between 
handedness and the preferred far eye (r=0.305, p<0.05) and handedness and the 
presumed near eye (r=0.444, p<0.003) for the total sample. The preferred far eye and 
presumed near eye are highly correlated (r=0.858, p<0.0001 ). This high correlation 
may have resulted because question 17 and 18, used to derive the presumed near eye, 
are in actuality measuring the preferred eye at far. Our study show a moderate 
correlation between the preferred far eye and near eye when reading (r=0.635, 
p<0.0001 ). However, both the presumed near eye and preferred far eye show no 
statistical significance in any of the Visagraph II visual skills. 
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Annett and Manning, when studying children ages 6 to 11, found that children 
with mixed Right-Left hand scores had significantly higher reading quotients, as 
measured by the Schonell Graded Word Reading test.37 As previously stated, their 
findings claimed to support Annett's right shift theory. Her theory suggests that those 
individuals, with the genotype rs+ -, have a slightly increased chance of dextrality and 
"enjoy the benefits of left hemisphere speech lateralization without significant costs."38 
However, those individuals with either rs++ (strong tendency towards dextrality) or rs--
(no biases towards dextrality) genotypes, Annett claimed, are at a disadvantage in 
speech, language, and learning. Annett's right shift theory supports the findings in our 
study when examining the data for preferred near eye when reading. Our study shows 
a significantly higher relative reading efficiency score in the near mixed-eyed group, and 
similarly, Annett and Manning find a statistically higher reading ability in the mixed-
handed group.39 
The relationship between handedness, eyedness, and cerebral dominance have 
not been determined, but on ly speculated by many investigators in the past. Although 
our study finds a similar pattern for eyedness as Annett and Manning find for 
handedness, our study shows significant results related only to eyedness and are not 
intended to make implications on handedness or cerebral dominance. Eye dominance, 
according to Flax, is a poor pred ictor of cerebral dominance because "unlike the arms 
and legs which have crossed innervation ... the optic nerve semi-decussate .. . some of 
the nerves from each eye cross over or decussate to the opposite brain hemisphere and 
some go to the brain on the same side."40 
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Although we find no significance between the relative reading efficiency score 
and handedness, the subjects in the non-strong RH group score significantly better 
when answering the reading comprehension questions than the subjects in the strong 
RH group (Figure 3). Benbow, in her study of 416 extremely precocious students (SAT 
taken before age 13, with SAT-Mathematics>700 and SAT-Verbal>630), finds a 
significantly higher number of left and mixed handedness in the total sample when 
administering the Edinburgh Handedness Inventory of Oldfield.41 Benbow's study 
implies that left-handers, mixed-handers, and right-handers with left-handed relatives 
generally are theorized to have "differing brain organization from right-handers.42" 
Benbow's study finds a significantly small percentage of strong RH subjects amongst 
the extremely precocious; our study finds the strong RH subjects to score significantly 
lower when answering the reading comprehension questions. 
Many researchers have shown that eye movement patterns of reading-disabled 
individuals differ from those of normal readers.43'44 The ability learn may depend on the 
ability to read and comprehend efficiently. As stated by Taylor, "the whole educational 
scheme of teaching and learning in this country has evolved around and depends upon 
the function of vision."45 Therefore, it could be assumed that individuals who have more 
efficient eye movements perform better in reading comprehension tasks. Our study 
finds that the reading comprehension score of the OAT and the Visagraph II reading 
rate with comprehension are moderately correlated (r=0.464, p<0.002). 
The Visagraph II, by comparing the movement between the left and right eye, 
uses an algorithm to derive at a "selected eye." It chooses the eye that shows more 
fixation and regression activities. Our study finds no significant relationship between the 
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Visagraph II selected eye and the preferred eye and handedness results from the 
survey. It is, however, interesting to note that the Visagraph II selected eye for the 
mixed eyed and handed groups tends to be the left eye (Figure 9 and 1 0). In general, 
the Visagraph II chooses the left eye more often than the right (left: 62.8%, right: 37.2% 
in the eyedness groups). Possible reasons for this curious finding may be related to 
software artifacts and/or protocols used for the Visagraph II testing. A misalignment of 
the goggles, for example, may cause one eye to appear more active than the other. 
Another possibility may be that one eye reflected more extraneous light than the other 
eye. Individual physiological characteristics such as ptosis and exophthalmos may 
have also been confounding factors. The apparent biasness of the Visagraph II to 
select the left eye in the mixed groups may have also occurred by chance. Replication 
of our study with a larger sample is necessary to answer this question. 
Due to potential genetic and environmental causes of eye movement problems, it 
is of interest to evaluate eye movements of a relatively homogeneous group with similar 
academic profiles, but differing in handedness and eyedness. Third year optometry 
students were chosen for this study because of their relatively homogenous academic 
history and their willingness and availability to serve as subjects in this investigation. In 
order to examine handedness and eyedness as significant contributing factors in eye 
movements, confounding effects from other variables needed to be minimized. With 
similar educational backgrounds, differences in academic levels and possibilities of 
learning disabilities are reduced. The refractive status for all subjects, except one, was 
very similar between the two eyes (Table 2); therefore, a tendency to prefer one eye 
due to differences in refractive errors between the two eyes was minimized. Although 
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the refractive status results were derived from responses volunteered in the suNey, we 
believe the data to be reasonably accurate since third year optometry students have 
been subjected to recent and multiple refractive assessment opportunities. 
Because our study sampled only third year optometry students, these findings 
may not be applicable to the non-college student general population, especially 
elementary school children or the learning disabled. It would be of interest to use 
similar methodology to probe the relationship between handedness, eye dominance, 
and eye movements with different populations. The intention of our study is not to 
determine the cause of eye movement problems but to investigate whether the 
variables of handedness and eye preference are associated with reading eye 
movement. This pilot study is designed to provide information that may guide similar 
future studies. 
This study demonstrates that when college students are divided into three groups 
based upon a subjective preferred eye questionnaire (question 20), the mixed-preferred 
eye subjects are significantly more efficient readers, as measured by the Visagraph II 
relative efficiency score. The subjects in this group also comprehends more information 
from the text read than those subjects in the right and left preferred eye groups. 
Relative to handedness, the non-strong RH college student group has a higher mean 
score on reading comprehension questions than the strong RH group. 
Question 20, which measures the preferred near eye, is unique to our study and 
Kundart's study.46 Since no other study has utilized this method to assess the 
preferred near eye, we are unable to locate similar results in other studies. If these 
associations between the preferred near eye when reading and eye movements can be 
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replicated, it may have implications for a new method of testing near eye dominance. In 
order to eliminate handedness effects, we suggest that future studies use a pair of 
glasses to hold the translucent material in place over the eye. 
If these associations between eye dominance, handedness, and eye movement 
patterns are replicated with children, it may have implications for the practicing 
optometrist. Addition of handedness and near eyedness assessment to the test battery 
could conceivably assist optometrists in assessing risk factors in reading and eye 
movement problems. Thus when evaluating eye movement patterns, optometrists may 
also have to consider handedness and eyedness variables. It may be possible that 
differences in laterality between right and left-handedness or eyedness can cause 
patients to respond differently to various therapy modalities. These findings might also 
be extended to support the notion that if optometrists, as a part of therapy, can train 
patients to become equally efficient with both eyes, reading efficiency and 
comprehension will also improve. 
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Appendix A 
Test ID Number 
HANDEDNESS AND PREFERRED EYE SURVEY 
For questions 1-13, please try to visualize yourself doing each of the actions listed 
(even if you never actually do them) and indicate your hand preference using the 
following scale: 
a) left hand always, b) left hand mostly, 
d) right hand mostly 
c) either hand, 
e) right hand always 
1. Hand used to hold a pen or pencil when writing. 
a. b. c. d. e. 
2. Hand used to hold a pen or pencil when drawing. 
a. b. c. d. e. 
3. Hand used to throw a ball or a frisbee. 
a. b. c. d. e. 
4. Hand used to hold a racquet when playing racquetball or similar game. 
a. b. c. d. e. 
5. Hand used to shave or apply makeup. 
a. b. c. d. e. 
6. Hand used to brush your teeth. 
a. b. c. d. e. 
7. Hand used to hold a knife when cutting bread. 
a. b. c. d. e. 
8. Hand used to hold a hammer when pounding a nail. 
a. b. c. d. e. 
9. Hand used for turning a screwdriver. 
a. b. c. d. e. 
10. Hand used to hold the match when striking a match. 
a. b. c. d . e. 
11. Hand used to hold a brush when combing your hair. 
a. b. c. d. e. 
12. Hand used to hold a spoon when eating with a spoon. 
a. b. c. d. e. 
Test ID Number 
13. Indicate which of the following drawings below best describes the manner in which 
you hold a pen or pencil when writing: 
For questions 14-21, please try to visualize yourself doing each of the actions listed 
(even if you never actually do then) and indicate your eye preference using the following 
scale: 
a) left hand always, b) left hand mostly, c) either hand, 
d) right hand mostly e) right hand always 
14. Eye used to sight a distant object through a hole in a flat card. 
a. b. c. d. e. 
15. Roll this survey into a tube and sight the clock at the far end of the classroom. 
Which eye did you use to look through the tube? 
a. b. c. d. e. 
16. Eye used for aiming the camera when taking a photograph. 
a. b. c. d. e. 
17. Eye used when looking through a handheld magnifier. 
a. b. c. d. e. 
18. Eye used for looking in a monocular microscope. 
a. b. c. d. e. 
19. Eye used to sight a pool cue. 
a. b. c. d. e. 
20. Remove the square of translucent material attached to this survey and hold it in front 
of an eye while you re-read this question. Which eye does it feel most natural to 
leave uncovered? 
a. b. c. d. e. 
Test 10 Number 
Miscellaneous questions: 
21. What is your gender? 
Female Male 
22.1ndicate the number of left-handed blood relatives you are known to have among 
your parents, grandparents, and siblings. 
a. zero b. one c. two d. three e. four or more 
23. Which one of the following best describes the refractive status in your right eye? 
(circle more than one if applicable) 
a. myopia greater than 50 d. within 0.750 of emmetropia 
b. myopia between 2. 75 and 5 e. hyperopia 1 0 and up 
c. myopia between 1 and 2.500 
24. Which one of the following best describes the refractive status in your left eye? 
(circle more than one if applicable) 
b. myopia greater than 50 d. within 0.750 of emmetropia 
b. myopia between 2. 75 and 5 e. hyperopia-1 0 and up 
c. myopia between 1 and 2.500 
25.1s your stereopsis reduced below 50 arc sec? 
a. Yes, stereopsis is reduced b. No, stereopsis is not reduced 
Above questions adapted from the following: R. Oldfield, Edinburgh Handedness Inventory, 
Neuropsychologia 9, 1971; James Kundart, Thomas Griffith, and Hannu Laukkannen, Handedness and 
Preferred Eye Survey, 1997. 
